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© Method of manufacturing sillconboron nitride film having excellent step coverage characteristic. 



© A silicon-boron nitride film is formed over wirings 
on a semiconductor substrate, by a chemical vapor 
deposition method using at least an organosilicon 
compound, an organoboron compound and ammonia 
or an organic compound containing nitrogen as the 



raw material gases. Hexamethylcyclotrisilazane [- 
(CHahSiNHb or hexamethyldisilazane [Si(CH 3 ) 3 ]2 is 
preferred as the organosilicon compound, and 
trlmethylboron* B(CH 3 ) 3 or triethylboron B(C2H 5 )s is 
preferred as the organoboron compound. 
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METHOD OF MANUFACTURING SILICON-BORON NITRIDE FILM HAVING EXCELLENT STEP COVERAGE 

CHARACTERISTIC 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a method of 
manufacturing a silicon-boron nitride film, and more 
particularly to a method of manufacturing a silicon- 
boron nitride film to be used for semiconductor 
devices. 



Description of the Related Art 

Conventionally, a silicon-boron nitride (Si x B y N 2 , 
x + y + z = 1 : SiBN) film used to cover the 
wirings of a semiconductor device is formed by a 
chemical vapor deposition method using silane 
(SiHi), diborane (B2H 6 ) and ammonia (NH3) as the 
raw material gases, as disclosed in Japanese Pat- 
ent Laid Open No. 62-156822. 

However, when a film is deposited by using the 
aforementioned gas system, the film formed is of 
overhanging type which is thick on the wirings and 
thin between the wirings and on the sidewails of 
the wirings. Moreover, diborane and ammonia are 
highly reactive so that when the partial pressure of 
diborane is increased in order to raise the boron 
concentration in the film, there breaks out a vapor 
phase reaction which aggravates the step coverage 
characteristic. 

When a SiBN film thus formed is used as the 
interlayer film between the wirings, there can occur 
disconnections or a short-circuiting in the upper 
wirings. 

In addition, there occurs another problem in 
that a large number of particles are generated 
within the vapor deposition apparatus due to the 
vapor phase reaction between diborance and am- 
monia. 



SUMMARY OF THE INVENTION 



Accordingly, it is an object of the present in- 
vention to provide a method of manufacturing a 
siiicon-boron nitride film having an excellent step 
coverage characteristic. 

It is another object of the present invention to 
provide a method of manufacturing a silicon-boron 
nitride film which can reduce the number of par- 
ticles generated within the vapor deposition appara- 



tus. 

The method of manufacturing a silicon-boron 
nitride film in accordance with the present invention 
includes a step of manufacturing a silicon-boron 

5 nitride film by a chemical vapor deposition method 
which uses a raw material gas including an or- 
ganosilicon compound, an organoboron compound 
and a compound containing nitrogen. 

An organosilicon compound and an or- 

70 ganoboron compound are less tended to initiate 
decomposition or reaction suppressing vapor phase 
reactions so that the surface reactions become 
dominant. Therefore, it becomes possible to form a 
silicon-boron nitride film having excellent step cov- 

15 erage characteristic by the present invention. Fur- 
ther, the vapor reaction during the chemical vapor 
deposition can be suppressed so that the number 
of particles generated within the vapor deposition 
apparatus can be reduced, which enhances the 

20 yield of the semiconductor devices. 

As the compound containing nitrogen, it is pref- 
erable to use ammonia or an organic compounds 
containing nitrogen. As an organic compounds con- 
taining nitrogen, it is preferable to use triethylamine 

25 N(C 2 Hs) 3 . 

As the organosilicon compound, it is preferable 
to use hexamethylcyclotrisilazane [(CH3)2SiNH] 3 or 
hexamethyldisilazene [SKCHahfeNH. 

As the organoboron compound, it Is preferable 

30 to use trimethylboron B(CH3>3 or triethylboron B- 
(C 2 H 5 )3 

As the carrier gas for carrying these raw ma- 
terial gasses, it is preferable to use H2, N 2l He or 
Ar. 

35 As the chemical vapor deposition method, use 
may be made of a plasma chemical vapor deposi- 
tion method or a photo-assisted chemical vapor 
deposition method. Further, a silicon-boron nitride 
film may be formed by a chemical vapor deposition 

40 method in which a compound containing nitrogen 
such as ammonia is decomposed in advance using 
an ultraviolet radiation or plasma, then by mixing 
other raw material gases to it 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 



The above and further objects, features and 
50 advantages of the present invention will become 
more apparent from the following detailed descrip- 
tion taken in conjunction with the accompanying 
drawings, wherein: 

Rg. 1 is a block diagram for the plasma 
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chemical vapor deposition apparatus used for a 
first embodiment of the present invention; 

Figs. 2(a) and 2(b) are sectional diagrams of 
a semiconductor chip shown in the order of the 
steps for explaining the first embodiment of the 
present invention: 

Rg. 3 is a block diagram for the photo- 
assisted chemical vapor deposition apparatus used 
for a second embodiment of the present invention; 
and 

Fig. 4 is a block diagram for the heat-as- 
sisted chemical vapor deposition apparatus used 
for a third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



(First Embodiment) 

Fig. 1 is a block diagram the plasma chemical 
vapor deposition system used for the first embodi- 
ment of the present invention. Reference numeral 
101 is a reaction chamber, 102 is a sample, 103 is 
an anode electrode for placing the sample 102 and 
104 is a heater served also as a cathode electrode 
for applying a high frequency. The frequency of the 
high frequency power applied was 13.56 MHz. In 
addition, 106 is a flowmeter and 107 is a valve. 

Hydrogen (H 2 ) gas and ammonia (NH 3 ) gas are 
introduced from a hydrogen gas supply pipe 108 
and an ammonia gas supply pipe 109, respectively. 
Trimethylboron B(CH 3 ) 3 which is an organoboron 
compound is introduced from a trimethylboron sup- 
ply pipe 110. 

Further, hexamethylcyclotrisilazane 
(HMCTMSZN) t(CH 3 ) 2 SiNH] 3 is supplied from a 
HMCTSZN container 111, which is kept at 39* C in 
a thermostatic chamber 112. The vapor of 
HMCTSZN is introduced from an HMCTSZN sup- 
ply pipe 113, and after mixed with hydrogen gas, 
ammonia gas and trimethylboron gas, it is intro- 
duced to the interior of the reaction chamber 101 
through a reaction gas introducing pipe 115. Refer- 
ence numeral 114 is a heater for heating the pipe- 
line, playing the role of preventing the precipitation 
of the liquid HMCTSZN material on the inside of 
the pipeline. 

A glow discharge is generated between the 
cathode electrode 104 and the anode electrode 
103 by applying a high frequency to the cathode 
electrode 104, which enables one to form an SiBN 
film on the sample 102 by decomposing the raw 
material gases. 

Figs. 2(a) and 2(b) are sectional diagrams of a 
semiconductor chip arranged in the order of steps 



for explaining the first embodiment of the present 
invention. 

As shown in Rg. 2(a), first, an insulating film 
202 is deposited on top of a silicon substrate 201 

5 on which is formed a semiconductor element, then 
aluminum wirings 203 are formed by means of an 
etching method. 

Next, as shown in Rg. 2(b), an SiBN film 204 
with thickness of 1 urn is formed on top of the 

10 aluminum wirings 203 using the plasma vapor de- 
position system explained in Fig. 1. The film depo- 
sition is performed at the substrate temperature of 
300* C by generating a discharge with power den- 
sity of 0.5 W/cm 2 , after setting the total gas pres- 

15 sure at 0.3 Torr by introducing HMCTSZN at 200 
seem, ammonia gas at 200 seem, hydrogen gas at 
1000 seem and trimethylboron gas at 600 seem. 

The relative permittivity of the SiBN film 
formed under the above-mentioned conditions was 

20 3.5, which is smaller than that of the silicon oxide 
film. The radio B/A of the film thickness B of the 
side part of the aluminum wiring shown in Rg. 2(b) 
to the film thickness A over the wiring was 0.95, 
and the step coverage characteristic was excellent. 

25 It is to be noted that the step coverage char- 
acteristic expressed in terms of the value of the 
ratio B/A of the prior art SiBN film formed by using 
silane, ammonia and diborane was 0.7. In particu- 
lar, the film thickness at the bottom part between 

so the wirings was 0.7 urn, with a large step height 
from the bottom part to the top of the wiring of 1.3 
urn. 

As in the above, in accordance with the first 
embodiment, an SiBN film with small relative per- 

35 mittivity and excellent step coverage characteristic 
can be obtained. Since the parasitic capacitance 
between the wirings can be reduced and the dis- 
connections or short-circuiting of the wirings can 
be eliminated, so that it becomes possible to ac- 

40 compllsh multilayered wiring for a high-speed 
semiconductor device. Moreover, there appear no 
particles due to the vapor phase reaction between 
diborane and ammonia so that the yield of semi- 
conductor devices can be enhanced. 

45 

(Second Embodiment) 

In Rg. 3 is shown a block diagram for a photo- 
50 assisted chemical vapor deposition system used 
for the second embodiment of the present inven- 
tion. 

The system is substantially the same as the 
vapor phase deposition system shown in Rg. 1 
55 except for a susceptor 303 provided in a reaction 
oven 301 for placing a sample 102, a heater 304 
for heating the sample 102 and an ultraviolet lamp 
305 for decomposing the reaction gases. 
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Namely, nitrogen (N 2 ) gas and ammonia (NH3) 
gas are introduced from a nitrogen gas supply pipe 
309 and an ammonia gas supply pipe 109. 
Trimethylboron B^Hsh. which is one of the or- 
ganoboron compounds is placed in a triethylboron 5 
container 306 which is maintained at 70* C by a 
thermostatic chamber 112, and its vapor is intro- 
duced from a triethylboron supply pipe 307. The 
vapor of HMCTSZN is introduced from an 
HMCTSZN supply pipe 113. After the nitrogen gas, 70 
ammonia gas, triethylboron and HMCTSZN are 
mixed, the mixture is introduced to the inside of the 
reaction oven 301 through a reaction gas introduc- 
ing pipe 115. 

A SiBN film in accordance with the second 15 
embodiment of the present invention that employs 
a photo-assisted chemical vapor deposition system 
is formed by the irradiation of an ultraviolet radi- 
ation after setting the total gas pressure at 5 Torr 
by the introduction of HMCTSZN at 200 seem. 20 
ammonia gas at 200 seem, nitrogen gas at 500 
seem and triethylboron at 800 seem. In addition, 
the sample temperature is set at 300* C. 

The step coverage characteristic of the SiBN 
film formed under the conditions as mentioned 25 
above was expressed by the value of 0.9 in terms 
of the ratio B/A of the film thickness B of the side 
part of the aluminum wiring shown in Rg. 2(b) to 
the film thickness A over the wiring. It should be 
noted that in view of the step coverage rate of 0.65 30 
for an SiBN film formed by the photo-assisted 
chemical vapor deposition method using siiane, 
ammonia and diborane, the step coverage char- 
acteristic of the SiBN film obtained by the second 
embodiment is enhanced markedly. Further, the 35 
relative permittivity of the SiBN film formed by the 
second embodiment is 3.6 which is a small value 
similar to the case of the first embodiment. 



(Third Embodiment) 

In Fig. 4 is shown a block diagram for a heat- 
assisted chemical vapor deposition system in 
which ammonia gas alone among other gases is 45 
used decomposed in advance by microwave dis- 
charge, for explaining the third embodiment of the 
present invention. 

Within a reaction chamber 101 there are pro- 
vided a susceptor 303 for placing a sample 102 50 
and a heater 304 beneath the susceptor for heating 
the sample 102. Further, in front of the reaction 
chamber 101, there are provided a microwave in- 
troducing pipe 401 for introducing microwaves to 
be used for decomposing ammonia gas, and an 55 
ammonia decomposition chamber 402. Ammonia 
gas is introduced from an ammonia gas supply 
pipe 109, and is decomposed in the ammonia 



decomposition chamber 402. Further, hydrogen 
(H2) gas and trimethylboron B(CHa)3 which is one 
of organoboron compounds are introduced from a 
hydrogen gas supply pipe 108 and a trimethyl- 
boron supply pipe 110, respectively. The vapor of 
HMCTSZN is through an HMCTSZN supply pipe 
113 from an HMCTSZN container 111. which is 
maintained at 39 *C by a thermostatic chamber 
112. After the HMCTSZN vapor is mixed with hy- 
drogen gas and trimethylboron gas, the mixed gas 
is introduced to the interior of the reaction chamber 
101 through a reaction gas introducing pipe 115. 
These gases and ammonia gas decomposed in the 
ammonia decomposition chamber 402 are mixed 
within the reaction chamber 101. 

The conditions for the formation of the SiBN 
film in accordance with the third embodiment using 
the system constructed as in the above are as 
follows. Namely, first. HMCTSZN is introduced at 
200 seem, ammonia gas is introduced at 200 
seem, nitrogen gas is introduced at 500 seem and 
triethylboron is introduced at 800 seem. Micro- 
waves with frequency 2.45 GHz and power 2.8 kW 
are introduced from the microwave introducing pipe 
401 for decomposing ammonia gas. The film for- 
mation is carried out at the sample temperature of 
390 *C by setting the pressure of the reaction 
chamber at 1 Torr. 

The SiBN film formed under the aforemen- 
tioned conditions has an excellent step coverage 
characteristic similar to the first and the second 
embodiments, with a sufficiently small relative per- 
mittivity of 3.6. 

It is to be noted that the case of using 
HMCTSZN as the organic silicon compound has 
been employed in conjunction with the description 
of the embodiments of the present invention in the 
above. However, hexamethyldisilazane [Si(CH3)ah 
2NH may be used instead. 

Moreover, trimethylamine N^Hsh may also 
be used as the organic compound containing nitro- 
gen. 



Claims 

1. A method of manufacturing a silicon-boron 
nitride film, comprising the step of forming a 
silicon-boron nitride film by a chemical vapor depo- 
sition method using a raw material gas having an 
organosilicon compound, an organoboron com- 
pound and a compound containing nitrogen. 

2. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 1, wherein said 
compound containing nitrogen is ammonia or an 
organic compound containing nitrogen. 

3. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 2. wherein said 
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organic compound containing nitrogen is 
triethylamine. 

4. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 1, wherein said 
organosilicon compound is hexamethyl- 
cyclotrisilazane or hexamethyldisilazane. 

5. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 2, wherein said 
organosilicon compound is hexamethyl- 
cyclotrisilazane or hexamethyldisilazane. 

6. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 1, wherein said 
organoboron compound is trimethylboron or 
triethylboron. 

7. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 2, wherein said 
organoboron compound is trimethylboron or 
triethylboron. 

8. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 2, wherein said 
chemical vapor deposition method is a plasma 
chemical vapor deposition method. 

9. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 2, wherein said 
chemical vapor deposition method is a photo-as- 
sisted chemical vapor deposition method. 

10. A method of manufacturing a silicon-boron 
nitride film as claimed in claim 2, wherein said 
chemical vapor deposition method is a chemical 
vapor deposition method in which ammonia or an 
organic compound containing nitrogen is decom- 
posed in advance using an ultraviolet radiation or 
plasma, which is then mixed with other raw ma- 
terial gases to be used for deposition of a silicon- 
boron nitride film. 

11. A method of manufacturing a semiconduc- 
tor device comprising the step of: 

forming wirings on a semiconductor substrate; and 
forming a silicon-boron nitride film on said wirings 
by a chemical vapor deposition method using raw 
materia! gases having an organosilicon compound, 
an organoboron compound and a compound con- 
taining nitrogen. 

12. A method of manufacturing a semiconduc- 
tor device as claimed in claim 11, wherein said 
compound containing nitrogen is ammonia or an 
organic compound containing nitrogen. 

13. A method of manufacturing a semiconduc- 
tor device as claimed in claim 12, wherein said 
organic compound containing nitrogen is 
triethylamine. 

14. A method of manufacturing a semiconduc- 
tor device as claimed in claim 11. wherein said 
organosilicon compound is hexamethyl- 
cyclotrisilazane or hexamethyldisilazane. 

15. A method of manufacturing a semiconduc- 
tor device as claimed In claim 12, wherein said 
organosilicon compound is hexamethyl- 



cyclotrisilazane or hexamethyldisilazane. 

16. A method of manufacturing a semiconduc- 
tor device as claimed in claim 11, wherein said 
organoboron compound is trimethylboron or 

5 triethylboron. 

17. A method of manufacturing a semiconduc- 
tor device as claimed in claim 12, wherein said 
organoboron compound is trimethylboron or 
triethylboron. 

w 18. A method of manufacturing a semiconduc- 
tor device as claimed in claim 12, wherein said 
chemical vapor deposition method is a plasma 
chemical vapor deposition method. 

19. A method of manufacturing a semiconduc- 
is tor device as claimed in claim 12, wherein said 

chemical vapor deposition method is a photo-as- 
sisted chemical vapor deposition method. 

20. A method of manufacturing a semiconduc- 
tor device as claimed in claim 12, wherein said 

20 chemical vapor deposition method is a chemical 
vapor deposition method in which ammonia or an 
organic compound containing nitrogen is decom- 
posed in advance using an ultraviolet radiation or 
plasma, which is then mixed with other raw ma- 

25 teriai gases to be used for deposition of a silicon- 
boron nitride film. 
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